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Seasonal activity and basking of the southernmost population
of the freshwater turtle Phrynops hilarii (Chelidae)
María B. Semeñiuk1,2,∗, Leandro Alcalde2,3
Abstract. This study focuses on basking behaviour of Phrynops hilarii in the southernmost population of the species’ range.
The objective was to determine how environmental features affect the basking behaviour of the species. We analyzed two
years of data on the seasonal activity of the species for the same stream. We detected 389 P. hilarii basking, mostly alone
(76.8%), and on logs and branches (79.3%), but large turtles used shorelines more frequently than did smaller turtles. Basking
peaked during late winter and early spring. We found no correlation between the number of basking turtles and air, substrate
or water temperatures. P. hilarii was active through all seasons, with activity peaking in summer, when temperature is highest
but basking frequency is low. Type of substrate, time of day, and season are key factors that influence the basking behaviour
of P. hilarii.
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Introduction
Basking is an important behaviour for most
reptiles, which spend many hours exposed ei-
ther to solar radiation or in contact with solar-
heated surfaces (Zug, Vitt and Caldwell, 2001).
A key function of basking is thermoregulation,
but drying of the skin and carapace is important
in turtles (Boyer, 1965). Basking is related to
and affected by factors such as nutritional status,
acclimatisation, season, and gender of the indi-
vidual (Hammond, Spotila and Standora, 1988).
Most of the studies about basking of fresh-
water turtles relate to emydid species from the
Northern Hemisphere (Lindeman, 1999; Moore
and Seigel, 2006; Peterman and Ryan, 2009;
Selman and Qualls, 2011; Millar, Graham and
Blouin-Demers, 2012; Umphrey et al., 2012;
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Lambert et al., 2013; Ryan et al., 2014; Ny-
hof and Trulio, 2015; Vignoli et al., 2015). De-
spite this geographical bias, some general con-
clusions may be drawn: (1) the turtle’s habi-
tat requires the presence of basking surfaces
on which turtles can easily climb to warm
themselves (Umphrey et al., 2012); (2) the
type of substrate and substrate preference vary
among species (Ryan et al., 2008; Peterman and
Ryan, 2009) and in relation to turtle age; and
(3) in some species, large turtles spend more
time basking than do small turtles (Lefevre
and Brooks, 1995; Selman and Qualls, 2011).
Other aspects of basking remain poorly stud-
ied, such as the intra- and inter-specific interac-
tions among basking turtles (Lovich, 1988) and
how human activities affect basking (Nyhof and
Trulio, 2015).
The stream at which we worked holds some
of the most southerly populations of the long-
necked chelid Hydromedusa tectifera, the short-
necked chelid Phrynops hilarii, and the emy-
did Trachemys dorbigni (Derocco, Alcalde and
Rosset, 2005; Alcalde et al., 2012). These
species make up one of the southernmost tur-
tle communities in the world (Buhlmann et al.,
2009), at the mouth of the Buñirigo stream on
the Río de La Plata shoreline.
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Miscellaneous field observations (L. Alcalde)
and captive-based experiences (Astor, 1983)
suggest that H. tectifera practices sub-aquatic
basking, as defined by Lacher, Alho and Pereira
(1986): “employment of warmer surface wa-
ter instead of substrates above the water sur-
face”, whereas P. hilarii basks out of the wa-
ter (Richard, 1999). P. hilarii is the largest of
these three species (up to about 5 kg body mass
and 40 cm straight carapace length). Although
common and widely distributed through south-
ern Brazil, south-eastern Paraguay, Uruguay
and north and central Argentina (Cabrera, 1998;
Prado et al., 2012), there is still little field-based
knowledge of the species.
This study explored basking behaviour of P.
hilarii under natural conditions during one year,
2015. Our aim was to elucidate the relationship
between basking and environmental features;
consequently, we asked the following questions.
1) Do turtles show preference for specific sub-
strate types when basking? 2) Is substrate type
linked to turtle size? 3) How do air, water and
substrate temperatures influence basking? In ad-
dition, we used trapping to assess the annual




Ten basking surveys were conducted from March 2015 to
December 2015, each along a 3900 m meandering portion
towards the mouth of the Buñirigo stream in the Río de
La Plata shoreline (Magdalena, Buenos Aires Province,
Argentina).
The section of the stream we sampled was influenced
by the tidal regime of the Río de La Plata producing daily
changes of water depth (0.22 m to 1.47 m for the days
we conducted the study). The tide level was obtained from
the Naval Hydrographic Service. Stream margins are well-
vegetated, with a mixed community of native (e.g., Celtis
tala, Erythrina crista-galli, Sapium haematospermum, Salix
humboldtiana, Schinus longifolius) and exotic (e.g., Populus
alba, Morus sp., Ligustrum sp., Phoenix sp.) bushes and
trees.
Basking surveys
Surveys were made by two surveyors using a two-person
kayak, sampling the section from the mouth of the Buñirigo
stream in the Río de la Plata upstream (10:30-13:00) and
then downstream to the mouth (13:00-15:30). We recorded
the following data: (1) species, number and size of turtles
basking; (2) time of day; (3) substrate type; (4) wind speed
both at the substrate on which turtles basked and at the mid-
dle of the stream (measured with a handheld anemometer
Skywatch Atmos 991; accuracy ± 4%); (5) water, air and
substrate temperatures. Water temperature was measured in
the middle of the stream (width mean: 8 m) at 10 cm depth.
We recorded air temperature at the same location as the
water temperature but at one meter above the water sur-
face. Substrate temperature was measured at the exact point
the turtle was seen basking, utilizing a digital thermome-
ter (Silcook; accuracy ±1°C). Substrates were classified as:
(1) logs and branches; (2) dams of free-floating vegetation;
and (3) shorelines (fig. 1). We distinguished a log from a
branch based on their size: logs were wider and branches
narrower than 20 cm, respectively. Two relative turtle sizes
(small <200 mm and large >200 mm) were recognized by
visual estimation using binoculars, because sometimes they
dived in the water when the kayak approached. The time
between turtle sighting and temperature recording never ex-
ceeded one or two minutes.
Seasonal activity
Data on captures were obtained once or twice per month
between December 2006 and January 2008, employing two
1-mouthed, double-funnel beef-baited traps together with 8
fishing lines without hooks with 10 baits each (see Alcalde,
Derocco and Rosset, 2010 for details) approximately 500 m
upstream of the basking survey area. We completed 16
sample days, four in summer, five in autumn, three in spring
and four in winter. Water temperatures were recorded twice
each sample day, at mid-morning and early afternoon, in the
middle of the stream at 10 cm depth.
Data analysis
Differences in how small and large turtles use different
substrate types were analyzed using a two-way analysis of
variance (ANOVA) combined with post hoc Tukey’s test
(Zar, 1999). Our ANOVA included one dependent variable
(number of basking turtles) and two factors: turtle size class
(small and large) and substrate type (log-branch, shoreline
and dam). Data were fourth-root transformed to fulfil the
assumptions of the test.
The water, air and substrate temperature variations
among surveys were evaluated using the non-parametric
version of the one-way ANOVA (Kruskall-Wallis test) com-
bined with post hoc tests (Dunn’s procedure). We employed
the Bonferroni correction in order to be more conservative
when many pairwise comparisons are conducted (Dytham,
2011). Temperature data and basking surveys we obtained
during 2015 were used to evaluate the relationship between
number of basking turtles with water, air and substrate tem-
peratures, using Spearman rank correlations. We excluded
wind speed at the basking substrate and middle of the
stream from the analysis because there was little difference
(64 km/h) across surveys.
Seasonal activity and basking of Phrynops hilarii 3
Figure 1. Examples illustrating the four types of substrate we identified for the present study. (a) Logs (>20 cm wide) and
(b) branches (<20 cm wide) of the native tree Salix humboldtiana; (c) shorelines; (d) dams.
The annual activity cycle of the species was inferred
from the number of turtles trapped between 2006 and 2008,
and correlated with the water temperatures of the same pe-
riod. Months of the captures were combined into seasons
in order to better evaluate seasonal differences. All analy-
ses were made using the software Xlstat Pro Version 7.5
and free trial of Xlstat-Premium (Addinsoft SARL, Paris,
France); P value was considered significant when <0.05.
Results
We found 389 Phrynops hilarii individuals
basking (mean ± SD = 38.9 ± 39.2 individu-
als/survey; n = 10). Most observations (76.8 ±
12.9%) were of turtles basking alone but in a
single instance, we found up to 24 individuals
basking on a tree log. We recorded 304 large
and 85 small basking turtles. We detected a few
other species that were not included in the anal-
ysis. These records included three native sliders
Trachemys dorbigni basking alone on shorelines
(two cases) or on submerged logs (one case). In
addition, the species and size of six basking tur-
tles could not be assessed, and three P. hilarii
were detected floating freely and exposing the
dorsum of the carapace to air.
We observed turtles basking on logs and
branches, dams, and shorelines (fig. 1). Logs
and branches, mainly of the native tree Salix
humboldtiana (33.8%) and of the exotic tree
Populus alba (26.9%), constituted the bulk of
the observations (79.3%) regardless of the size
of the turtles (fig. 2). The ANOVA showed in-
teraction between turtle size class and substrate
type (interaction: F2,54 = 5.221, P < 0.01).
The post hoc tests revealed that (1) both size
classes used log-branches more frequently than
dams (largeP < 0.001; smallP < 0.05); (2) small
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Figure 2. Number (mean and standard deviation) of large
and small turtles we observed basking on each substrate
type across ten basking surveys (n = 10) conducted during
the year 2015. As we did for all statistical analyses, turtles
basking on logs and branches were lumped into a single
category (Log-branch).
turtles basked more frequently on log-branches
than on shorelines (P < 0.05); (3) large turtles
used shorelines more than dams (P < 0.001),
and more than small turtles (P < 0.01). The
average temperature of shorelines was higher
(25.8°C ± 4.5) than those of logs and branches
(23.7°C ± 3.9) (t-test: t348 = 4.004, P <
0.0001).
With respect to the time of day when turtles
bask, most (60.7%) were seen between late
morning and midday (10:30-13:00 h) and the
remainder between 13:00 and 15:30 h.
Seasonally, the number of basking turtles in
each survey indicates that the peak of bask-
ing activity occurred between late winter and
early spring (August, September and October)
(fig. 3), not coincident with the highest water or
air temperatures (fig. 3), which were recorded
in December (early summer). More specifically,
the greatest number of basking turtles was re-
corded in October (fig. 3) when temperatures
were lower (tSubstrate49 = −2.187, P = 0.034,
tWater49 = −18.362, P < 0.0001, and tAir49 =
−5.425, P < 0.0001) than those recorded
during December. Substrate average tempera-
tures were higher than those of water and air
(t756 = 18.726, P < 0.0001, and t756 = 8.341,
P < 0.0001, respectively). Basking frequency
was low on days when water temperatures did
not reach 15°C (early winter, June: 12.2-12.5°C,
two basking turtles) or exceeded 25°C (early
Figure 3. Number of basking turtles (black squares) plotted
versus mean water (diamond shape), air (circles) and sub-
strate (triangles) temperatures we obtained during the year
2015. The dotted black line shows the mean number of bask-
ing turtles.
summer, December: 26.2-30°C, eight basking
turtles) (fig. 3).
Comparisons among water (Kruskal-Wallis
Test: H = 329.126), air (H = 315.609), and
substrate (H = 236.441) temperatures show
significant variation (df = 8, P < 0.0001)
across months. Although these temperatures did
not vary significantly between autumn (May)
and winter surveys (August, September) (sub-
strate: P = 0.779 and P = 0.482; air: P =
0.310 and P = 0.368; water: P = 0.085 and
P = 0.896, respectively), the number of turtles
we recorded in winter was higher (fig. 3) than
those found during autumn.
Finally, there was no correlation between the
number of basking turtles and the mean water,
air and substrate temperatures we recorded dur-
ing each survey: water (Spearman rank correla-
tion: ρ = 0.176, P = 0.627), air (ρ = 0.067,
P = 0.855), and substrate (ρ = 0.158, P =
0.663).
The analysis of the turtles we trapped be-
tween 2006 and 2008 indicates the species is
active throughout the year except when the wa-
ter temperature is below 10°C. We found sig-
nificant differences between winter and sum-
mer (U = 19.500, P = 0.017) in the num-
ber of trapped turtles, with a peak of captures
in summer months. In fact, the amount of small
(<200 mm) and large (>200 mm) turtles we
trapped during this period correlates positively
with water temperature (ρ = 0.805, P <
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Figure 4. Scatter plot of Spearman correlation values for number of small (a) and large (b) turtles we trapped at Buñirigo
stream between December 2006 and January 2008 and mean water temperatures (°C) from the same period. Note the positive
correlation between the two variables.




The present study reveals that most P. hilarii
bask on logs and branches instead of on stream
margins or dams. There is considerable pub-
lished evidence about substrates utilized by
freshwater turtles, e.g. the Common Map Tur-
tle (Graptemys geographica) prefers to bask
on rock-covered banks (Peterman and Ryan,
2009) whereas emergent deadwood is the pre-
ferred substrate of Red-eared Sliders (Trache-
mys scripta elegans) and Painted Turtles (Chry-
semys picta) (Ryan et al., 2008). The present
study also shows that large individuals of P. hi-
larii use shorelines more than smaller turtles.
Such biases towards certain substrates were re-
ported in an early work by Selman and Qualls
(2011), who reported sex and age biases towards
certain substrates in the Yellow-blotched Saw-
back (Graptemys flavimaculata).
Substrate temperatures were the warmest
of the three substrate types examined. Boyer
(1965) demonstrated that the temperature of a
basking turtle is affected by (1) the thermal
conductivity of the substrate and (2) the close-
ness of the contact with the turtle basking on
it. We agree with this but an additional ques-
tion remains unexplained: why do small P. hi-
larii use shorelines infrequently as basking sites
if this substrate provides the best thermal en-
vironment? A possible explanation may be that
stream margins are less safe substrates for small
turtles than dams or tree logs. A small turtle
basking on the shoreline is probably an easy
prey for a terrestrial predator, for the size of the
turtle itself and because shorelines have a longer
escape distance to the water than that from logs
and dams.
Sociality
Another point to be highlighted concerns the
lack of gregariousness of the species in the
population studied here. In fact, most P. hi-
larii individuals we observed were basking
alone. Solitary basking also was reported for
North American emydids, i.e. Pseudemys tex-
ana, Graptemys pseudogeographica, Trache-
mys scripta, and trionychids, i.e. Apalone mu-
tica and A. spinifera (Hill and Vodopich, 2013).
Observations made by Richard (1999) on a non-
natural population of P. hilarii, inhabiting a net-
work of artificial lagoons dotted with a few
basking sites, indicate a high tolerance of these
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turtles to bask together. In contrast, our study
shows that, under natural conditions and with
high basking substrate availability, as occurs in
the sampled section of the Buñirigo stream, the
study species usually basks alone.
Our results indicate that most individuals
bask between late morning and midday (10:30-
13:00) instead in the early afternoon (13:00-
15:00). A study on the North American emydids
Chrysemys picta marginata, G. geographica,
and T. scripta indicates two peaks of bask-
ing, one during the morning and the other in
the early afternoon (Peterman and Ryan, 2009).
Instead, the North American emydid C. picta
bellii displays more basking events during the
morning (Umphrey et al., 2012), as does the Eu-
ropean emydid Emys orbicularis (Cadi and Joly,
2003). Such studies indicate that these northern
hemisphere emydids avoid basking during the
hours of most intense solar radiation.
Interaction of effects
This study shows that type of substrate, time of
day, and season of the year are three key factors
that combine to influence basking behaviour of
Phrynops hilarii. But specifically, how do air,
water and substrate temperatures interrelate to
influence basking? It seems a pivotal question
to be solved in order to achieve a better under-
standing of the species’ behavioural responses
under different environmental conditions. Cole-
man and Gutberlet (2008) demonstrated that
body temperature and preferred basking temper-
ature vary in relation to the biological require-
ments of each turtle species. Thus, both daily
and seasonal variations in basking features may
occur at the species level and among different
species.
In agreement with early works (Lefevre and
Brooks, 1995; Coleman and Gutberlet, 2008),
seasonal differences in basking in P. hilarii
show a clear peak of basking activity during late
winter and early spring but not in early summer
when the temperature is higher.
Our monthly data on captures covering all
seasons indicate a high activity peak during
summer months, substantially higher than in
winter but not significantly different from spring
and autumn months. Thus, this species is active
all the year within a certain range of tempera-
tures. Environmental temperatures and basking
frequency are not always correlated throughout
the year in this species. Our trapping and bask-
ing survey data indicate that the species is very
active when the temperature is very high, times
at which basking frequency appears low. Our
basking surveys indicated that P. hilarii varies
basking frequency among seasons. But, as we
conducted basking surveys between 10:30 h and
15:30 h, an alternative explanation may be that
P. hilarii displaces the basking events towards
very early morning and very late afternoon in
order to avoid the moments of greatest solar
radiation. Other species show a correlation be-
tween a range of air temperature and basking
frequency, as in the case of the North Ameri-
can emydids, Graptemys ouachitensis sabinen-
sis and G. pseudogeographica kohnii, which
show a clear-cut basking peak at water tempera-
tures between 15-25°C (Coleman and Gutberlet,
2008).
The experiments of Monteiro and Diefenbach
(1987), indicated that the preferred body tem-
peratures of P. hilarii were 32.6°C for post-
feeding and 29.3°C during long fasting peri-
ods. Other authors have proposed explanations
for the low basking frequency during summer:
(1) in summer, turtles reach their optimal body
temperature more quickly than in the rest of
the year (Lefevre and Brooks, 1995; Ben-Ezra,
Bulté and Blouin-Demers, 2008); (2) in sum-
mer, the water temperature alone can satisfy
the heat requirements of turtles, and thus they
alternate between underwater and aerial bask-
ing, with the advantage of decreasing the risk
of predation (Boyer, 1965; Chessman, 1987; Pi-
card, Carrière and Blouin-Demers, 2011; Shen
et al., 2013; Feaga and Haas, 2015). We agree
with such explanations, since they seem consis-
tent with the requirements of this species: turtles
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bask to increase their body temperature and re-
quire longer basking time when conditions are
cool than during summer.
Other authors (Polo-Cavia, López and Martín,
2012) proposed an alternative explanation for
the very low basking activity during winter
months. They thought that low basking activity
may be caused by low food intake during winter,
which reverses in spring leading to a high bask-
ing frequency due to metabolic demands; this
aspect is also highlighted by Coleman and Gut-
berlet (2008). However, prey availability seems
not to constrain the activity level or basking be-
haviour in the studied population of P. hilarii.
Prey items are available throughout the year
in the Buñirigo stream with variations in prey
composition but not in prey abundance (see Al-
calde, Derocco and Rosset, 2010). It is possible
that turtles decrease their metabolism gradually
as both photoperiod and temperature decrease.
In this case, turtles would reduce food intake
and basking activities as a response instead of
as a cause. In fact, our data on captures of P.
hilarii throughout a whole year, together with
data on prey availability and feeding informa-
tion on the species from Alcalde, Derocco and
Rosset (2010), demonstrate that neither activity
nor food intake cease in the coldest months.
Although far from all-encompassing, some
of the topics highlighted here constitute a first
step to understanding the habitat requirements
(substrate types, basking seasonality with no
strict link to high temperatures) and lack of
gregariousness of P. hilarii.
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